Optimizing the balance between handoff quality and power consumption is a great challenge for seamless mobile communications in wireless networks. Traditional proactive schemes continuously monitor available access networks and exercise handoff. Although such schemes achieve good handoff quality, they consume much power because all interfaces must remain on all the time. To save power, the reactive schemes use fixed RSS thresholds to determine when to search for a new available access network. However, since they do not consider user motion, these approaches require that all interfaces be turned on even when a user is stationary, and they tend initiate excessive unnecessary handoffs. To address this problem, this research presents a novel motion-aware scheme called network discovery with motion detection (NDMD) to improve handoff quality and minimize power consumption. The NDMD first applies a moving average convergence divergence (MACD) scheme to analyze received signal strength (RSS) samples of the current active interface. These results are then used to estimate user's motion. The proposed NDMD scheme adds very little computing overhead to a mobile terminal (MT) and can be easily incorporated into existing schemes. The simulation results in this study showed that NDMD can quickly track user motion state without a positioning system and perform network discovery rapidly enough to achieve a much lower handoff-dropping rate with less power consumption.
INTRODUCTION
As wireless technologies advance, various wireless networks such as UMTS, WiFi, and WiMax networks are expected to jointly support universal ubiquitous services for future mobile users. To enjoy such ubiquitous services, equipping a mobile terminal (MT) with multiple network interfaces (or multimode) is getting more important. To ensure ubiquitous access, a multimode MT must seamlessly switch, or handoff, its connection between access points or base stations as users move between wireless networks.
Maintaining good handoff quality with minimal power consumption is an essential capability of multimode MT [1] [2] [3] . An active interface in a regular single-mode MT continuously monitors available access points and executes handoff whenever it is beneficial in a homogeneous wireless network. However, the scenario for multimode handsets differs. To continuously monitor varying wireless networks, a multimode MT must always turn on all other interfaces not currently in use. Although this proactive scheme ensures seamless handoff, a multimode MT requires much more power than a single-mode MT.
To reduce power consumption, a multimode MT uses existing reactive schemes [4] [5] [6] [7] that turn on all interfaces for network discovery only when the RSS or frame error rate (FER) of the current active interface exceeds a predetermined threshold. These reactive schemes, however, are insufficiently reliable for handoff when users are quickly moving away from an access point (AP) or a base station (BS), and they often activate interfaces unnecessarily even when users are stationary. Therefore, activating interfaces for network discovery according to user motion is important for improving handoff quality and minimizing power requirements.
This work presents a novel motion-aware scheme, called network discovery with motion detection (NDMD) to assist a handset in improving its handoff quality while reducing power consumption. In NDMD, when a user moves away from AP, an MT must start discovering available networks in its neighborhood early to avoid handoff failure. On the other hand, an MT can stop network discovery when a user 2 EURASIP Journal on Wireless Communications and Networking is stationary even if the user is far from the BS or AP. Thus, NDMD can reduce the handoff dropping rate and power consumption of an MT.
The proposed NDMD system employs a user motion detection (UMD) mechanism to estimate the user motion state. The UMD analyzes RSS samples from current active interface then applies a moving average convergence divergence (MACD) scheme [8] to determine the user motion state. The MACD consists of two lowpass filters with different smoothing factors. Since accurately estimating user motion requires accurately selecting smoothing factors, this study presented a set of possible choices and evaluated their respective performance. In contrast with previous work [7, [9] [10] [11] [12] that exploit a positioning system to maintain handoff quality, UMD estimates user motion states by analyzing RSS samples. Therefore, no additional hardware, such as GPS, is needed.
The NDMD has advantages as follows. (1) Without a positioning system, the MT can determine whether the user is leaving the AP, approaching the AP or stationary. (2) An MT can activate and terminate its interfaces rapidly enough to minimize the handoff dropping rate and power consumption. (3) The simplicity of the system requires minimal computing overhead. (4) Because the NDMD can initiate network discovery, it can be combined with all handoff decision mechanisms.
The rest of this paper is organized as follows. Section 2 discusses related network discovery mechanisms. Section 3 presents details of the predictive algorithm for network discovery. Section 4 evaluates the performance of NDMD. Finally, Section 5 draws conclusions and discusses future works.
RELATED WORK
Current network discovery mechanisms can be categorized as proactive, reactive [13] , and location-aware [14] . A common proactive approach uses a decision function based on a handoff mechanism. In a heterogeneous network environment, traditional RSS comparisons [15, 16] are unreliable for or incapable of making accurate handoff decisions. Therefore, many metrics, such as service type, monetary cost, network conditions, user preferences, velocity, have been adopted in decision functions [17] [18] [19] [20] to determine whether a handoff is needed. In the proactive approach, an MT must turn on all its interfaces to perform network discovery in advance and then monitor all available networks. These approaches can reduce handoff latency, but it substantially increases power consumption. Although Al-Gizawi et al. [20] proposed a mechanism for periodic, on demand or by event network discovery in a UMTS-WLAN interoperability platform, their methods were not described in detail.
On the other hand, many researchers have studied reactive network discovery schemes [4] [5] [6] [7] that trigger handoff initiation by using predefined thresholds. However, few have addressed the problem of network discovery. Power consumption and handoff dropping rate are a tradeoff if a predefined RSS threshold is adopted for network discovery. For instance, if the RSS threshold is high, power consumption may increase as an MT turns on its interfaces early for network discovery, which then enhances handoff. In contrary, if the RSS threshold is set to a low value, the handoff dropping rate may increase if the MT may turn on its interfaces late and leaves insufficient time for the MT to perform network discovery and handoff execution.
In location-aware schemes [7, [9] [10] [11] [12] , location information services such as GPS, location service server (LSS), and topology map are used to provide information such as coverage area, latency, and bandwidth of available wireless networks around an MT. In [7, 12] , an MT first determines whether the RSS falls below a predefined RSS threshold. If so, the MT applies a decision function to determine whether handoff is required based on the information that provided by LSS. If a handoff is not required, the MT does not activate other interfaces to save battery power. However, this work demonstrates only the results of MT energy consumption but does not evaluate the handoff dropping rate.
In [10] , a handoff trigger node installed in a WLAN/ cellular transition region to generate a specific link layer trigger for vertical handoff. This specific trigger can enable an MT to initiate the vertical handoff process in time to reduce the handoff latency and the handoff dropping rate. However, the authors did not describe the details of interface management. In an earlier work [9] , the authors assumed that an MT manages its WLAN interface using a locationaware base station controller (BSC). Based on BSC, an MT can activate or terminate the WLAN interface in an appropriate time to reduce power consumption. However, a reactive method was also used for handoff initiation.
In [11] , a positioning system and LSS were employed for network discovery to reduce unnecessary power consumption during handoff. Based on the distance between an AP and an MT, the MT uses various time intervals to perform network discovery. If the distance to the AP is long, then the MT requires a long time interval to perform network discovery. However, the LSS-based network discovery scheme requires additional hardware and cannot be implemented in an indoor environment where no positioning system can work.
NETWORK DISCOVERY WITH MOTION DETECTION
An MT must detect the movement of users to predict when they leave or enter the associated AP. The user behavior can be classified into the following three states: (1) approaching state: the user is moving toward the AP; (2) leaving state: the user is leaving the AP; (3) stationary state: the user is stationary. By using a user motion detection (UMD), an MT can easily apply RSS to identify the user state without the assistance of a positioning system.
The simplest method for detecting the user motion state is RSS. Since the receiving signal power of an MT is related to the distance between the MT and its associated AP, the received signal power P r at distance d is given by
where i is an accumulated value that is determined by the measuring frequency, P t is the transmitted signal power, 
Given the measured RSS interval and the direction and speed of user motion, the following characteristics of mobile radio propagation can be specified based on (2) . UMD motion behavior
Thus, the variation in ΔP r indicates the motion state of a user. However, the received signal power measured by an MT fluctuates constantly because of the fading effect even if a user is in a stationary state. Therefore, an MT cannot easily detect user motion based only on the difference between two consecutive RSS values.
MACD-based UMD mechanism
This work uses a trend-following indicator called moving average convergence divergence (MACD) [8] to elucidate a user behavior in a wireless environment without a positioning system. The MACD involves two exponentially weighted moving average (EWMA) filters to analyze the time series data. These two EWMA filters can be expressed as follows:
where . Since β must be smaller than α, the following relationship is defined:
where k is a constant value. The difference DIF between the agile SRSS A[i] and the stable SRSS S[i] is defined as follows:
The DIF can determine user state. As Figure 1 shows, two DIF thresholds are defined to determine user behavior. Based on the DIF value and the DIF thresholds, the detection of user motion state by ΔP r is modified as follows: UMD motion behavior
NDMD algorithm
Based on the user motion state determined by UMD, NDMD activates or terminates an MT interfaces for network discovery at the right time to save power and reduce handoff dropping rate. In NDMD, a new network discovery threshold (TH ND ) and three network discovery modes are defined. The higher TH ND is necessary since an MT must turn on all its interfaces in time to perform network discovery procedures such as searching base stations, association, AAA, address acquisition, and other high layer signaling functions, before switching to another network. However, using a high RSS threshold certainly increases power consumption. Therefore, the following three network discovery modes are defined to reduce power consumption.
(i) NON ND mode: this mode is used when a user is approaching an AP or BS. Therefore, network discovery is unneeded.
(ii) ND mode: this mode is used when a user is leaving the associated AP or BS. Therefore, timely activation of interfaces is critical for detecting all available wireless networks.
(iii) SEMI ND mode: this mode is applied when a user is stationary. An MT first determines whether any APs or BSs is available in its neighborhood. If so, it determines whether a horizontal handoff is required. Otherwise, the MT must activate all of its interfaces to perform network discovery. Figure 2 shows a flow chart of the NDMD algorithm. When an MT connects to an AP, the RSS is measured and the user motion is continuously determined. When the RSS is below or above the predefined RSS threshold mentioned above, the MT is set to change to a suitable network discovery mode to activate or terminate its interfaces based on the NDMD algorithm. Figure 3 presents an example of NDMD application. Suppose an MT is currently associated with WLAN AP1. In scenario (1), the MT can terminate its network discovery even if its initial location is far from AP1, because the user is in an approaching state. In scenario (2), the MT activates its interfaces to discover other networks in time to reduce the handoff dropping rate because it is leaving the associated AP. In scenario (3), the user is leaving AP1 initially but stops before he has left. In this case, the MT certainly activates all its interfaces to discover other available networks when the RSS of the MT is below the predefined network discovery threshold. However, the proposed algorithm eventually detects that the user is in a stationary state, thus the MT turn off other interfaces to reduce power consumption. Here, the MT simply determines whether a horizontal handoff is required because AP2 is nearby.
Analysis of NDMD algorithm
In NDMD, an MT can predict whether a user is leaving its associated WLAN by applying UMD and then activating or terminating its interfaces within an appropriate time.
The UMD strongly affects the performance of the NDMD algorithm. The change of DIF is used to determine the motion state of a user in UMD. Thus, the DIF value must respond quickly to user behavior so that the motion state can be determined rapidly. The analysis requires determining the difference, δ DIF, between two consecutive DIF values. Substituting (5) into (7) yields
, the DIF is given by
Using β = α/k in (6), we have
Equation (11) shows that α, k,
) represent two forms of ΔDIF, which are the differences between two consecutive RSS measurements.
The ΔDIF is affected by many other factors, such as mobile radio propagation characteristics. Some of these factors are summarized as follows. 1] are also governed by α, the effect of α must be discussed in detail here. Figure 4 presents the effect of the smoothing factor α on SRSS when the distance to the transmitter is large by using a computer simulation. The simulation result was produced by NS2 with a log normal shadow model. Here, SRSS represents either an agile SRSS or a stable SRSS. Consider the agile SRSS as an example. When α is set to one, SRSS is the actual RSS. The value of (R[i] − A[i − 1]) with the larger α (dotted line) is smaller than that with a smaller α (dashed line). As the distance between the MT and the transmitter increases, the gap (
with a large α (dotted line) decreases faster than a gap with a small α (dashed line). Therefore, although a large α can produce a large ΔDIF, ΔDIF decreases more rapidly than when α is small as the distance to the transmitter increases. Assume that SRSS with α = 0.5 represents an agile SRSS, and SRSS with α = 0.1 denotes a stable SRSS. As the distance between the transmitter and the MT increases, Figure 4 shows that the (
) when a user moves away from the transmitter beyond a particular distance.
(ii) k value: according to (11) , given that α,
(iii) Path loss: path loss is the attenuation of an electromagnetic wave moving from a transmitter to a receiver and is governed by many factors, including carrier frequency, environmental factors (e.g., urban versus rural), distance between transmitter and receiver, and antennas height and others. According to (2), a larger (smaller) path loss exponent (ρ) implies larger (smaller) attenuation and ΔP r . Restated, a larger (smaller) path loss corresponds to a larger (smaller) ΔDIF.
(iv) Distance: suppose that a user is leaving (approaching) a transmitter at a fixed speed, direction, and RSS measurement interval. According to (2), a longer (shorter) distance to the transmitter corresponds to a smaller (larger) d 2 /d 1 . Therefore, a longer (shorter) distance corresponds to a smaller (larger) ΔP r or a smaller (larger) ΔDIF.
(v) Velocity: the following equation can be derived from (2),
Suppose a user is moving in a fixed direction. A larger velocity corresponds to a larger ΔP r .
(vi) Network type: when a user moves with a fixed speed, direction, and RSS measurement interval, the ΔP r measured in WiMAX or 3G is smaller than that measured in WLAN because the coverage of the former networks is larger.
Selection of UMD parameters
In the UMD, α and k must maintain DIF between DIFthresh1 and DIFthresh2 when a user is stationary and the RSS fluctuation of an MT varies due to fading effects. Therefore, choosing appropriate α and k is important for UMD to work well. According to the earlier analysis, maximizing α and k can increase ΔDIF to enable rapid detection of user state. However, Figure 5 also illustrates the inverse relationship between α and k. A large α can produce a large ΔDIF but ΔDIF quickly diminishes as a user moves away from an AP. Therefore, when an MT accesses a network with smaller coverage, such as a WLAN, it must use a large α and a small k to quickly determine the user motion state. However, when a user is in networks with large coverage such as 3G or WiMAX, the MT should use a small α and a large k so it can identify user motion even when the ΔP r measured by the MT is very small and the user is moving at a low velocity.
PERFORMANCE EVALUATION
In this section, extensive simulations were conducted to evaluate the performance of UMD and NDMD. The ns-2 simulator [21] and the BonnMotion node-movement generation tool [22] were used for computer simulations. In all simulations, a log normal shadowing model was used to simulate the wireless environment. A simple straight movement trajectory and random waypoint mobility model were adopted to simulate a user movement trajectory. Figure 6 shows an example of the random waypoint mobility model and Figure 7 shows the example of straight movement trajectory. A single user with an MT in a single wireless environment is simulated. 
Evaluation of UMD mechanism
The proposed UMD mechanism was evaluated by different α, k, shadowing deviation, velocity, and distance from an AP in a WLAN and a WMAN environment. In the WLAN environment, an MT equipped with an Orinoco 802.11 PC card in a closed environment [23] was simulated. In the WMAN environment, a customer premises equipment (CPE) was simulated based on information provided by the Airspan Corporation [24] . Table 1 shows the related parameters set to simulate the WLAN and WMAN environments.
Comprehensive analysis
As shown in Figure 7 , a user is moving from location A to location C at 1 m/sec in a WLAN environment. Figure 8 shows the effect of using different α with fixed k on DIF value; the x-axis represents the distance between the MT and the transmitter. The negative x-axis represents the MT is approaching the transmitter and the positive x-axis represents the MT is leaving the transmitter. The results reveal that α barely affects the DIF value as a user approaches the transmitter. However, increasing α can rapidly reduce DIF when the user moves away from the transmitter. That is, the MT can rapidly detect the user's leaving state when a larger α is used in UMD. Figure 9 presents the effect of using various k with a fixed α on the DIF value. The simulation results reveal that increasing k increases ΔDIF. Restated, increasing k enables faster and more accurate detection of user state. These two figures also show that, due to the effects of mobile radio Yung-Mu Chen et al. propagation, a longer distance between the user and the transmitter corresponds to a smaller rate of DIF change. When the user leaves the transmitter and the distance between the user and the transmitter exceeds a certain value, the DIF rebounds.
The results in Figures 8 and 9 indicate that a larger α and k enable rapid and accurate identification of user motion state. However, α and k are inversely related to those (α, k) pairs that minimize incorrect movement detection. Therefore, three (α, k) pairs are selected based on Figure 5 to study the UMD characteristics in WLAN and WMAN. Figure 10 presents the effect of three (α, k) pairs on the DIF value. A larger α and smaller k can cause DIF to drop quickly when the user moves away from the transmitter but causes DIF to slowly rise when the user approaches the transmitter. In a WMAN environment, a user is moving from location A to location C at 12.5 m/sec. Figure 11 demonstrates the variation of the DIF value. If the same parameters used for WLAN (α = 0.15, k = 2.25) are also used in WMAN, detecting user behavior becomes very difficult because the smaller k corresponds to a smaller ΔDIF and a larger α makes ΔDIF drops quickly as the user moves away from the transmitter in WMAN. Therefore, based on the simulation results and analysis, α and k must be smaller and larger, respectively, in a WMAN environment than in a WLAN environment. Figure 12 illustrates the effect of shadowing deviation on the DIF value as the user moves from location A to location C at 1 m/sec in a WLAN environment. The simulation results reveal that UMD eliminates almost all RSS fluctuations. Figure 13 shows how velocity affects the DIF value for the same movement trajectory when the user is in a WLAN environment. The results indicate that higher velocity corresponds with a greater rate of DIF change. Figure 14 displays the effect of starting point on DIF variation as the user moves at 1 m/sec in a WLAN environment. Figure 14(a) shows that the DIF values are almost independent of starting position when the user approaches the transmitter. Figure 14(b) presents the DIF change when a user leaves from AP at various locations. The results reveal that the rate of DIF change declines as the starting position of a user is farther away from the transmitter. As Figure 14 shows, the mobile radio propagation strongly affects the behavior of UMD. As the distance between an MT and its transmitter increases, the sensitivity of UMD in motion detection with a fixed α and k declines. 
Feasibility of UMD mechanism
The random waypoint mobility model is adopted to simulate a single user in a WLAN and a WMAN environment to study the feasibility of UMD. Table 2 shows the related settings of the simulation parameters. Figure 15 (a) shows the user motion trajectory in a WLAN environment. The user temporarily remains stationary at each turning point. Table 3 shows the detailed user movement data. Figure 15(b) shows the measured RSS value from the MT. Figure 16 displays the variation in the DIF value obtained by the MT, and the symbols on the xaxis indicate the locations presented in Figure 15(a) . The simulation result confirms that the DIF value can easily determine the user motion state: stationary, leaving, and approaching-by using UMD. Figure 17 (a) shows the user motion trajectory in a WMAN environment. At each turning point, the user remains stationary for a period. Table 4 presents in detail user motion data. Figure 17(b) shows the measured RSS value from the MT in the WMAN environment. Figure 18 shows the DIF in the WMAN environment. When a small α and a large k are used in the simulation, the stationary state cannot be detected quickly (such as when the user is at location B) unless a user is stationary for a long time (such as at location C).
Experiment
The feasibility of UMD was investigated experimentally. A laptop with an Intel PRO/Wireless 2200BG network connection mini PCI adapter and a D-Link DWL-3200 AP were used. The authors randomly walked around the AP and continuously recorded RSS to determine the DIF value. Figure 19 experimental results demonstrate that the proposed UMD mechanism clearly identifies the user motion state.
Evaluation of NDMD algorithm
The performance of NDMD was compared with RSS threshold-based handoff algorithm [15] , RSS threshold combined with dwell-time-based handoff algorithms [16] , RSS threshold combined with hysteresis-based handoff algorithm [16] , RSS threshold combined with hysteresis and dwelltime-based handoff algorithms [16] and geographic-based handoff algorithm [12] .
(i) In RSS threshold-based method, an MT initiates a network discovery to search available networks in its neighborhood when RSS of current servicing access point (RSS old ) is lower than a predefined network discovery threshold (TH ND ). Then, the MT triggers a handoff when RSS old is lower than a predefined (iv) RSS threshold combined with hysteresis and dwelltime-based handoff algorithms is a combination of above three methods.
(v) In geographic-based handoff method, an MT initiates a handoff according to a GPS and topology map information from a resource manager.
The simulations evaluated the performance of NDMD in terms of the power consumption, total number of handoff and total number of fail handoff. may fail if an MN starts network discovering late. Moreover, unnecessary handoffs may increase the risk of connection break due to handoff failure. Figure 21 shows an indoor WLAN overlay structure was used to evaluate the performance of different network discovery mechanism. The authors use four adjacent cells with 100-meter radius. The BSs are located in the same floor with the following coordinates: (100, 240), (100, 100), (240, 100), and (240, 240). An MT is equipped with four network interfaces. A log normal shadowing model is used and simulation parameters for an indoor WLAN environment are set as presented in Table 5 . In the simulations, the random waypoint mobility model is adopted to generate the tour of a mobile user. Table 6 presents simulation parameters for the random waypoint mobility model. Since the user is in an indoor environment, the range of velocities is set between 0.5 m/sec and 2.5 m/sec. A preprocessing time is introduced to represent the latency of the network discovery procedure including the time required to activate interface, search base station, associate with a chosen AP, and so forth. The parameters of various approaches and thresholds are presented in Table 7 . Figure 22 shows the accumulated active time of all interfaces in various approaches. In Figure 22 , the RSS threshold-based method and the RSS threshold combined with dwell-time-based method consumes more power than other approaches. In the RSS threshold-based method, an MT turns on all interfaces to search available access networks and executes handoff procedure only according to TH ND and TH HO . In NDMD, an MT can identify the user motion state. When the MT is in a stationary state, the MT turns off other interfaces to reduce power consumption. Thus, NDMD consumes less power than other approaches. Moreover, the dwell time method requires an MT to turn on all interfaces for checking their RSS from neighborhood access points over a dwell time, thus the dwell time method consumes much power. Figure 23 shows the accumulated number of handoff. In Figure 23 , geographic-based handoff method has the lowest number of handoff because it triggers handoff process and switches MT's connection to a new AP according to MT's location information from a GPS and a location server (resource manager server). Since NDMD can identify user motion of an MT, NDMD can reduce unnecessary handoffs. On the other hand, the RSS threshold based algorithms has the largest number of handoff due to an MT always triggers network discovery and handoff when the MT is in a stationary state. Moreover, the dwell time method limits the handoff trigger by a time constraint during the network discovery, thus the MT triggers handoff late and reduces unnecessary handoffs. Nevertheless, both RSS threshold based method, RSS threshold combined with dwell time based method, RSS threshold combined with hysteresis based method, and RSS threshold combined with hysteresis and dwell time based method cause larger number of unnecessary handoffs. Figure 24 shows the accumulated number of failed handoff in WLAN. In Figure 24 , NDMD performs better than other algorithms because NDMD can determines user motion, activates and terminates MT's interfaces rapidly enough to reduce unnecessary handoffs.
CONCLUSION AND FUTURE WORK
This work presents MACD-based user motion detection mechanism (UMD) and a predictive algorithm called NDMD for network discovery in heterogeneous wireless network environments. Without any assistance from a positioning system, UMD can identify the user's behavior correctly.
The NDMD determines when a user leaves, approaches or remains stationary with respect to its associated access point by UMD and then initiates or terminates the corresponding Yung-Mu Chen et al. network discovery procedure in an appropriate time. The simulation results demonstrate that NDMD can immediately determine when a user is leaving the coverage area of a wireless network and then activates interfaces to perform network discovery in time. Thus, the system not only reduces handoff dropping rate, it also terminates the interfaces whenever a user remains stationary or approaches the transmitter. Therefore, it can reduce the power consumption of network discovery at a mobile node. Additionally, NDMD can trigger and terminate network discovery in time, it can be easily incorporated into existing handoff decision schemes, such as dwell time approaches, hysteresis approaches, and the combination of above approaches to reduce handoff dropping rate and power consumption in handoff process.
However, some problems with the UMD mechanism remain to be solved. The mobile radio propagation features degrade the sensitivity of the UMD mechanism as the distance between an MT and its transmitter increases. The UMD mechanism must use different configurations for various wireless networks. Therefore, future work may explore the dynamic adaptation of the UMD configuration to various wireless networks.
